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By LEONARD PERCIVAL HODGE, Assoc. RI. Inst. C.E. 

BEFORE designing  a structure  to  rest upon compressible strata, such 
:ss the alluvial clays of British Guiana,, it is necessary to know 
the maximum  weight  per superficial foot  :which  may be  imposed 
without  cnusing  settlement.  Should  settlement  have commenced, it 
is equally  necessary to be  a.ble t o  estimate  its probable duration  and 
ultimate  extent  in order to  determine  whether  the  bearing  area  must 
be a t  once enlarged,  generally a difficult and costly operation,  or 
the settlement be  allowed to  continue  until the bearing strata 
afford sufficient reaction. Very  little inform:l.tion is avnilable as t o  
the probable duration  and ultima.te extent of settlement  resulting 
from tllo imposition of definite weights  upon specific  stra>t:l., and, for 
want of it, expenditure is not  infrequently  incurred in enlarging  the 
beming area of foundations,  instead of allowing the building to 
settle. In   the case described in  the P q e r  it WFLS estimated that 
enlwgement of the foundations would have cost about ~5335.  Instead 
of undertaking  this  enlargement, it was  decided by the  Hon. A. G. 
Bell, then Chief of the Public  Works  Department,  to allow the 
building, after being  securely  tied, to  settle  under  constant observn- 
tion.  The  Author hopes that  the following notes will  be of wsist- 
ance to  those who may hare  to deal  with  like cases. 

The  points to be considered f d l  naturally  under  three  heads :- 
1. The  foundation. 
2. The load. 
3. The  behaviour of the  foundation  under  the load. 

1. The Foundation.-The foundation  as  revealed by borings is 
shown in Fig. 1. The  surface soil extended to a  depth of about 
5 feet 6 inches, and consisted of the local surface clay  mixed 
with sand and  inorganic substances  calculated to increase its 
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friability, chiefly broken  stone  and burnt  earth, which probably 
formed the original  surface  covering.  To  a  further  depth of 
between 26 feet 6 inches and 27 feet 6 inches, the borings showed $1. 

stratum of dark blue  clay  almost liquid in  the middle, but increasing 
in consistency at  top  and bottom $0 that of workable putty.  The 
auger  then  entered a stratum of stiff tenacious light blue thy, into 
which it penetrated  with  considerable difficulty for a depth of 2 feet, 
a t  which point,  between 32 feet  and 33 feet below the snrf:tce, borings 
were  discontinued, it being  known that  this clay :1nd the clays  whicll 
follow it to a total  depth of 100 feet  are good bearing stratiL. 

SECTION SHOWING FOUNOATIONS OF SOUTH BLOCK 
A S  REVEALED BY B O R I N G S .  

Scale I Inch - 16 Feet. 
FEETlL , . F , ,  , , 9  'p 2p FEET. 

Perm'ment  water-level wa.s found to be about  10  feet below  grouncl- 
level. 

2 .  The Load.-The  load consists of two  detached  two-storied 
blocks connected  by a concrete  platform  carrying the  stairs  to  the 
upper floor of each block (Fig. 2). Both blocks are of concrete  with 
brick dressings, and' the weight imposed by the external walls  upon 
their  foundations is calculated to be 10.66 cwt.  per superficial foot, 
which  includes live load at  120 lbs. per superficial foot upon the floor 
area which they carry. 
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3. The Behaviour of the Foundation under the Load.-Erection 
commenced in 1890, the footings  being completed about the 
25th  September in  that year, and  the  external walls about 6 months 
later. A slight  settlement of 4-inch was then noticed, and it 
continued in both blocks until  the 20th  November,  1905,  on which 
date  the average  settlement  for each of the eight  stations shown  upon 
Fig. 2 was 1.0962 foot. Thenceforward  both blocks were  regularly 
levelled, and  the average net rise or fall  for  the  eight  stations is 
shown  on Fig. 3. 

The  lowest  recorded  average  settlement was reached  on the 
22nd  December,  1903, the  total average  fall  being then 1 *5949 
foot, but from the 27th  March,  1902,  when the  total average  fall 

Pig. 2. 

was 1 * 5934 foot, the building  had  been practically stationary.  The 
net average  settlement  obtained  from the  last  set of levels on  the 
24th  May,  1905  (1.5622 foot), is almost  identical  with that of the 
12th December,  1902 (1.5621 foot), showing that,  although  there 
may  possibly  be oscillation, no further  net  settlement need  be 
apprehended. 

The  net ’ average  settlement  per  annum, deduced from the  inter- 
polated  lines and figures upon the section, compares  with the  total 
net  settlement  in  the  Table  on p. 219. From  the Table it is  evident 
that  the bulk of the  settlement took place in  the first 5 years, and 
that it did not practically cease until  about  10 years after erection 
was complete. 
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Year. 

First 4 years from 
1 Sept. 1891 t o  
31 Dec. 1895 
inclusive . . 

1896 
1897 
1898 
1899 

1900 
1901 
1902 

1903 

1904 
Excess of lowest 

fall over that on 
31 Dec. 1904 ., 

Net Average 
Settlement. 

Foot. 

1.1175 

0.0930 
0.0399 

0.0380 
0.1888 
0.0628 

0.0356 

0.0164 
.. 

.. 
0.0029 

[ 1.5949 

E 
_- 

l 

Percentage of Lowest 
Recorded Net 

iettlernent (1'5949 on 
22 Dec. 1903). 

70.07 

5 -83 
2-44 

2.38 
11'84 
3'99 
2.23 
.. 

1'03 

.. 
0.19 

Net  Rise. 

Foot. 

.. 

.. 

.. 

.. 
0.0057 

.. 
0.0690 

.. 

100~00 1- .. 

The rises shown in Fig. 3 may  occasion some surprise, but  they 
can be satisfactorily  accounted for. The  surface soil of British 
Guiana  is, at   the mouth of its great rivers, a  very  heavy clay contain- 
ing less than 20 per  cent. of crystallized silica in  the form of an 
almost  impalpable  powder ; and  experiments  conducted by Professor 
Harrison,  the  Government  Director of Science and  Agriculture,  have 
demonstrated that  after  being  thoroughly wetted it will on  exposure 
to  the tropical  sun  contract as indicated below :- 

Top 8 inches, or surface soil . . . . . . . 20.9 
Second 8 inches, or upper subsoil . . . . . . 29.5 
Third 8 inches, or lower subsoil . . . . . . 36.5 

Per  Cent. 

Consequently, in wet  weather the surface soil rises, and  in  dry 
weather it falls, carrying  with it any  light  article embedded therein, 
such as the wooden (' paal " or boundary  post  shown  on the plan, which 
originally  did duty  as  a bench-mark.  The soil under the building 
cannot  rise  to  the same extent, owing to  the weight imposed upon 
it. The  action of heat is also modified by a roof with  projecting 
eaves, and  that of moisture  by  concrete  paving  and  adequate  surface 
drainage. I n  wet  weather,  therefore, the exposed bench-mark 
would rise  more than  the building,  causing the levels,  which are 
taken  on  the  plinth of the  latter,  to record  a  relative fall, while after 
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a spell of dry weather the ;Iction wonld  be reversed. That  this does 
in  fact occur  is, in  the Author’s opinion, fairly established by 
comparing the average net rises on Fig. 3, with the  rainfall  and 
temperature  for  the preceding periods. The levels referred to  the 
wooden  paal,  which  was the  original bench-mark, ?,re the  first  forty- 
six sets. They thus embrace forty-five periods of unequal duration, 
the average rainfall per period being 14-31 inches, and  the average 
corrected mean temperature  80.63” F. During  thirty of the periods 
there was a net fall ; for  fourteen of them  there was a net rise, and 
for the remaining period, the rises :mcl falls neutralized each other. 
Comparing the average rise or fa11 with  the average preceding 
rainfall  and mean temperature, the following  figures are obtained :- 

Average  Rise or Pall. 

1ncl1es. O F .  

Average fall, 0.0257 foot . . . . 
80’52 10.026 Average rise, 0’0207 foot . . . . 
80.69 16.393 

It would appear,  therefore, that  the falls occur generally  after 
heavy rainfall  and  the rises after  light  rainfall,  but  the  action is of 
course not uniform,  being modified by the tendency of the falls to 
predominate, owing to  the weight of the building exceeding the 
reaction of the soil. It will  be seen that  the  temperature  is  fairly 
uniform, and consequently unequal evaporation need not  in  this 
case  be regmded as a disturbing factor, but  in temperate and cold 
countries it might easily become so by hastening  or  retarding 
tlisintegration. 

I n  order to eliminate : ts  far as possible the fictitious rises and falls, 
the  last eighteen  sets of levels are  referred  to a new bench-mark 
on the  plinth of the Public  Building, which was erected about 
1830 and  is assumed to be stable.  The rises and falls of the former 
bench-mark-the  exposed pnal-in relation to  the new bench-marks 
are indicated by a dotted  line on Fig. 3. 

Experience with  this  and  other  structures  in  British  Guiana  has 
shown that a foundation of the  nature described in  this  Paper  cannot 
bear more than 7 cwt. per superficial foot  without  risk of settlement. 

The  Paper  is accompanied by n tracing,  from which the Figures in 
the  text have been prepnred. 
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